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INTRODUCTION 

T h i s  p r o g r e s s  r e p o r t  c o v e r s  t h e  a c t i v i t i e s  i n  t h e  p e r i o d  s t a r t i n g  A p r i l  1, 

1965 t o  September  30,  1965. Most r e s e a r e h  s u b j e c t s  r e p o r t e d  e a r l i e r  a r e  con-  

t i n u e d .  A f e w  p r e l i m i n a r y  resu l t s  have  been  r e p o r t e d  and p u b l i s h e d  i n  v a r i o u s  

j o u r n a l s  (see l a t e r ) .  Professor R .  M i t t r a  i s  c u r r e n t l y  on s a b b a t i c a l  l e a v e ,  

s t a r t i n g  September  1, 1965 u n t i l  F e b r u a r y ,  1966.  

SUMMARY OF THE RESEARCH 

1. Impedance of  a n  E l e c t r i c  C u r r e n t  Loop i n  a n  A n i s o t r o p i c  Cold Plasma - G .  L .  Duff 

S i n c e  t h e  l a s t  r e p o r t ,  i t  was d e c i d e d  t o  p roceed  w i t h  t h e  t h e o r e t i c a l  

c a l c u l a t i o n s  o f  t h e  i n p u t  impedance of  t h e  l o o p  for t h e  case of  t h e  imposed 

s t e a d y  m a g n e t i c  f i e l d  a t  a n  a r b i t r a r y  o r i e n t a t i o n  t o  t h e  p l a n e  of t h e  l o o p .  

The f a r  f i e l d  s t u d i e s  w i l l  be  done subsequen t  t o  c o m p l e t i o n  of t h e s e  impedance 

s t u d i e s  e 

T h e o r e t i c a l  r e s u l t s  f o r  t h e  c a s e  of t h e  imposed s t e a d y  m a g n e t i c  f i e l d  

normal  t o  t h e  p l a n e  of t h e  l o o p  a r e  p r e s e n t l y  b e i n g  computed n u m e r i c a l l y  o n  

t h e  IBM 7094 computer  u s i n g  Complex F o r t r a n  t o  e v a l u a t e  t h e  i n t e g r a l s .  

I n  t h e  coming p e r i o d  t h e  t h e o r e t i c a l  c a l c u l a t i o n s  of impedance a r e  e x p e c t e d  

t o  be comple ted  and a s t u d y  of t h e  f a r  f i e l d s  i n i t i a t e d .  

The t h e o r e t i c a l  results t o  d a t e  h a v e  been  p u b l i s h e d  i n  ELECTRONICS LETTERS 

u n d e r  t h e  t i t l e  " I n p u t  Impedance of a Smal l  Loop of Uniform E l e c t r i c  C u r r e n t  i n  

a n  A n i s o t r o p i c  Cold Plasma",  which  a p p e a r e d  i n  t h e  J u l y ,  1965 i s s u e .  I n  a d d i t i o n ,  

t h e  same p a p e r  was p r e s e n t e d  a t  t h e  1965 IEEE I n t e r n a t i o n a l  Symposium on  Awtennas 

and P r o p a g a t i o n  i n  Washington ,  D o  C .  on September  1, 1965.  

- 2 .  E x p e r i m e n t a l  Measurement of Loop Impedance - G. L. Duff 

S i n c e  t h e  l a s t  r e p o r t ,  t h e  c o n s t r u c t i o n  of  t h e  e x p e r i m e n t a l  a p p a r a t u s  f o r  

t h e  measurement  of  t h e  l o o p  impedance h a s  been  comple t ed .  

The plasma i s  c r e a t e d  b y  a s t e a d y  h i g h  v o l t a g e  d i s c h a r g e  i n  h e l i u m  a t  

p r e s s u r e  of a b o u t  1 mm of Hg. Large  c u r r e n t  co i l s  s u r r o u n d  t h e  plasma chamber 

and  t h e s e  p r o v i d e  t h e  imposed s t e a d y  m a g n e t i c  f i e l d  which  c a u s e s  t h e  plasma t o  

be a n i s o t r o p i c .  E l e c t r o n  t e m p e r a t u r e s  a s  low a s  400 K have  been  a c h i e v e d .  The 

l o o p  h a s  been  i n s e r t e d  i n t o  t h e  plasma and impedance  measurements  a r e  j u s t  g e t t i n g  

u n d e r  way. The r e s u l t s  o f  t h e  measurements  w i l l  b e  compared w i t h  t h e  n u m e r i c a l  

r e s u l t s  of  t h e  theory.  
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3 .  C u r r e n t  D i s t r i b u t i o n  and I n p u t  Impedance of  a C y l i n d r i c a l  Antenna i n  --- 
A n i s o t r o p i c  P l a ~  - S o  W, Lee, Y. To LO 

The p rab lem of t h e  z u r r e n b  d i s t r i b u t i o n  o n  a n  i n f i n i t e l y  l o n g ,  c y l i n d r i c a l  

a n t e n n a  i n  a n  a n i s o t r c p i c  cord plasma h a s  e s s e n t i a l l y  been  s o l v e d .  Numer ica l  

c o m p u t a t i o n  i s  unde rnay  and e x p e c t e d  t o  be f i n i s h e d  i n  t h e  n e a r  f u t u r e .  Some 

p r o p e r t i e s  of t h e  c u r r e n t  d i s t r i b u t i o n  a r e  summarized a s  follows: 

(1) The c u r r e n t  s o l u t i s n  is i n  t h e  form of a one -d imens iona l  i n t e g r a t i o n .  

The i n t e g r a n d  13 q u i t e  czxr$l icated,  I t  c o n s i s t s  of a doub le -va lued  

f u n c t i o n  w i t h  f o u r  b ranch  p o i n t s  i n  some c a s e s  a n d / o r  a two s i n g l e - v a l u e d  

f u n c t i o n  w i t h  n c  b ranch  p o i n t  i n  some o t h e r  c a s e s ,  depend ing  on t h e  p a r a -  

meters of t h e  p l a sma .  4 corr,puter program h a s  been  r e w r i t t e n  t o  per form 

t h i s  i n t e g r a t i o n  n u r r e r i c d l l y .  

(2 )  The s a I u t i a ’ 1  t 3  * h i s  problem i s  q u i t e  g e n e r a l .  T h e r e  i s  no r e s t r i c t i o n  

on t h e  r a d i u s  of t t e  c y l i n d e r ,  n o r  on  t h e  w i d t h  of t h e  g a p  of t h e  g e n e r a t o r .  

However, t h e  cLnvergence  i n  t h e  p r e s e n t  p r o c e d u r e  of n u m e r i c a l  i n t e g r a t i o n  

i s  slawer f o r  a t h i n  a n r e n n a  t h a n  for a f a t  a n t e n n a .  A new approach  t o  t h i n  

a n t e n n a s  i s  c u r r e n t l y  u n d e r  s t u d y ,  

(3) The a s y m p t o t i c  b e h a v i o r  of t h e  c u r r e n t  e t  a l a r g e  d i s t a n c e  from t h e  

g e n e r a t o r  c a n  be a n a l y t i c a l l y  d e t e r m i n e d ,  which  Gas d i f f e r e n t  forms i n  t h e  

d i f z e r e n t  r e g i o n s  of CMA d iag rams .  As a n  example ,  t h e  c u r r e n t  on a VLF-antenna 

a t  a l a r g e  d i s t a n c e  from t h e  g e n e r a t o r  c o n s i s t s  of two p a r t s .  The f irst  is  

d u e  t o  a r e s i d u e  c o n t r i b u t i o n  and g i v e s  r ise to a t r a v e l i n g  wave. The second  

i s  due  t o  t h e  b ranch  c u t  i n t e g r a t i o n ,  and dies o u t  a s  t h e  i n v e r s e  s q u a r e  of 

t h e  d i s t a n c e  from t h e  g e n e r a t o r .  

4 .  Boundary V a l u e  Problems i n  Plasma - S .  W. Lee,  y .  T .  Lo 

I n  r e c e n t  y e a r s ,  t h e r e  h a s  been a n  i n c r e a s i n g  a c t i v i t y  i n  t h e  p rob lems  of 

p lasma i n  a bounded r e g i o n ,  These  problems a r e  n o t  o n l y  of academic  i n t e r e s t  

b u t  a l s o  of p r a c t i c a l  i n t e r e s t ,  s ince o n l y  t h e  f i n i t e  plasma env i ronmen t  i s  

p h y s i c a l l y  r e a l i z a b l e  i n  l a b o r a t o r i e s .  

The c l a s s i c a l  p roblem of H-plane b i f u r c a t i o n  wavegu ides  w i t h  a n i s o t r o p i c  

p l a sma  h a s  been  s o l v e d  b y  u s i n g  a c o l d  plasma model ,  a s  no ted  i n  P r o g r e s s  R e p o r t  

N o .  4,  T h i s  p o r t i o n  of work was  p r e s e n t e d  a t  t h e  I n t e r n a t i o n a l  Symposia of 

A n t e n n a s  and P r o p a g a t i o n ,  Washington ,  D o  C . ,  Augus t ,  1 9 6 5 ,  and  i t  i s  s c h e d u l e d  

for p u b l i c a t i o n  i n  t h e  Canad ian  J o u r n a l  of P h y s i c s ,  December ,1965. Numer ica l  



e v a l u a t i o n  of  t h e  r e f l e c t i o n  c o e f f i c i e n t s  u n d e r  v a r i o u s  plasma 

been  comple ted  r e c e n t l y .  They  should  be of p r a c t i c a l  i n t e r e s t  

3 

p a r a m e t e r s  h a v e  

I n  o r d e r  t o  s t u d y  t h e  e f f e c t  of c o m p r e s s i b i l i t y  o f  t h e  p l a sma ,  t h e  H-plane 

b i f u r c a t i o n  problem i s  r e c o n s i d e r e d  by employing  a warm plasma model .  I t  i s  

found t h a t  t h e  modes of t h e  g u i d e  can be o b t a i n e d  by  p e r t u r b a t i o n  t e c h n i q u e s  

f o r  warm plasma of r e a s o n a b l y  h i g h  t e m p e r a t u r e  and t h e  r e f l e c t i o n  coe f f i c i en t  

i s  d e t e r m i n e d  by s o l v i n g  two Wiener-Hopf e q u a t i o n s .  Numer ica l  c o m p u t a t i o n  of 

t h i s  s o l u t i o n  i s  underway,  T h i s  p a r t  of t h e  work i s  e x p e c t e d  t o  be comple ted  

i n  t h e  n e a r  f u t u r e .  

A n o t h e r  boundary  v a l u e  problem s t u d i e d  i n  t h i s  p e r i o d  i s  t h e  d i p o l e  

r a d i a t i o n  i n  a compos i t e  medium, which c o n s i s t s  of  t h e  h i g h l y  c o n d u c t i n g  

e a r t h ,  t h e  f r e e  s p a c e ,  and t h e  i o n o s p h e r e  which  i s  d e s c r i b e d  by a u s u a l  warm 

plasma model .  The slow-wave mode f o r  t h e  e a r t h - i o n o s p h e r e  waveguide  i s  found  

t o  p r o p a g a t e  a t  a l l  f r e q u e n c i e s ,  i n  c o n t r a s t  t o  t h e  c a s e  when t h e  i o n o s p h e r e  

i s  d e s c r i b e d  by  a c o l d  plasma model. The f a s t - w a v e  modes h a v e  low-f requency  

c u t o f f .  and t h e i r  p h a s e  v e l o c i t y  i n c r e a s e s  a s  t h e  c o n d u c t i v i t y  of  t h e  e a r t h  

i n c r e a s e s .  The  power r a d i a t e d  by  each  mode i n  t h e  i o n o s p h e r e  and i n  t h e  f r e e  

s p a c e  r e g i o n  h a s  been  n u m e r i c a l l y  e v a l u a t e d  

5 .  T h e o r e t i c a l  and E x p e r i m e n t a l  I n v e s t i g a t i o n  of  C i r c u l a r  Waveguides  F i l l e d  
w i t h  Warm Plasma - C. L i a n g ,  Y. T. Lo 

The s o u r c e - f r e e  f i e l d  b e h a v i o r  i n  t h e  r e c t a n g u l a r ,  c i r c u l a r ,  and 

p a r a l l e l - p l a t e  wavegu ides  c o m p l e t e l y  f i l l e d  w i t h  c o m p r e s s i b l e  plasma had  

been  s t u d i e d .  With t h e  boundary  c o n d i t i o n  t h a t  t h e  normal  component of 

t h e  e l e c t r o n  v e l o c i t y  v a n i s h e s  a t  t h e  g u i d e  w a l l ,  w e  h a v e  found t h e  f o l l o w i n g  

c o n c l u s i o n s .  F i r s t  u s i n g  t h e  method of s e p a l ' a t i o n  of v a r i a b l e s " , n o  i n -  

d e p e n d e n t  modal s o l u t i o n  c o u l d  be o b t a i n e d  f o r  t h e  r e c t a n g u l a r  F u i d e .  

t h e  s o l u t i o n s  i n  a g u i d e  o b t a i n e d  by u s i n g  t h e  warm plasma mobel d i d  n o t  con-  

form w i t h  t h o s e  of t h e  c o l d  plasma model  when t h e  zero t e m p e r a t u r e  l i m i t  was 

t a k e n .  T h e r e f o r e , . t h e  t w o  d i f f e r e n t  models  a r e  not  c o n s i s t e n t  w i t h  e a c h  o t h e r  

i n  a bounded r e g i o n  From t h e  above  c o n c l u s i o n s ,  t h e  v a l i d i t y  of t h e  

boundary  c a n d i t i o n  i s  n a t u r a l l y  q u e s t i o n e d .  

s t a n d i n g  of s u r f a c e  p h y s i c s  of  c o n d u c t o r s  i n  p lasma a t  m-icroscopic l e v e l  i s  

i m p e r a t i v e  i n  o r d e r  t o  r e s o l v e  t h i s  di lemma.  However, i t  is  f e l t  t h a t  s u c h  

a n  u n d e r t a k i n g ,  d e s p i t e  i t s  fundamen ta l  i m p o r t a n c e ,  i s  beyond t h e  s c o p e  of 

t h i s  s t u d y  s i n c e  t h i s  wou1.d r e q u i r e  a s m a j o r  e f for t  and l o n g  r a n g e  p l a n n i n g .  

I t  is a l s o  found  t h a t  p r o d u c i n g  a r e a s o n a b l e  s i e a d g - a t a t e  p l a s ~ : s  :?i thi2 B 
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Second,  
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I t  a p p e a r s  t h a t  a t h o r o u g h  unde r -  
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m e t a l l i c  g u i d e  i s  e x t r e m e l y  d i f f i c u l t .  T h e r e f o r e ,  t h e  e x p e r i m e n t a l  f e a s i b i l i t y  

of a p l a s m a - f i l l e d  waveguide  i s  somewhat i n  d o u b t .  

As a r e s u l t  o u r  p r i m a r y  o b j e c t i v e  i n  t h i s  i n v e s t i g a t i o n  i s  set t o  s t u d y  

b o t h  t h e o r e t i c a l l y  and e x p e r i m e n t a l l y  t h e  wave b e h a v i o r s  i n s i d e  a g l a s s - l i n e d  

waveguide  f i l l e d  w i t h  a c o m p r e s s i b l e  plasma due  t o  a s i m p l e  s o u r c e  and t h e i r  

e f f ec t  on t h e  s o u r c e ' s  impedance.  T h i s  s t u d y  would p r o v i d e  u s  w i t h  some v a l u a b l e  

e x p e r i e n c e s  i n  a n t e n n a  and f i e l d  measurements  i n  a bounded plasma and a n  o p p o r t u n i t y  

i n  l e a r n i n g  t o  c o n t r o l  t h e  envi ronment  of t h e  l a b o r a t o r y  plasma s u c h  a s  homogene i ty ,  

t e m p e r a t u r e ,  and d e n s i t y .  E v e n t u a l l y ,  i t  i s  hoped t h a t  t h e  e f f e c t  of electro- 

a c o u s t i c  waves on t h e  a n t e n n a  c a n  be s t u d i e d .  

For b o t h  a n a l y t i c  and  p r a c t i c a l  c o n v e n i e n c e ,  a c i r c u l a r  g u i d e  l i n e d  w i t h  

g l a s s  i s  c o n s i d e r e d .  E x c e p t  a t  e x t r e m e l y  h i g h  t e m p e r a t u r e ,  t h e  e l e c t r o n  plasma 

c a n n o t  p e n e t r a t e  g l a s s .  A n a l y t i c a l l y ,  t h e r e f o r e ,  i t  i s  more r e a l i s t i c  t o  impose 

t h e  e l e c t r o n  v e l o c i t y  c o n d i t i o n  a t  t h e  p l a s m a - d i e l e c t r i c  i n t e r f a c e .  

C u r r e n t l y ,  w e  a r e  i n v e s t i g a t i n g  t h e  s o u r c e - f r e e  f i e l d  s o l u t i o n  u n d e r  t h e  

boundary  c o n d i t i o n s  t h a t  (1) t h e  t a n g e n t i a l  f i e l d s  a r e  c o n t i n u o u s  a c r o s s  t h e  

p l a s m a - d i e l e c t r i c  i n t e r f a c e ,  ( 2 )  t h e  t a n g e n t i a l  e l e c t r i c  f i e l d  v a n i s h e s  on t h e  

g u i d e  w a l l ,  and  (3) t h e r e  i s  no e l e c t r o n  f l u x  t r a n s p o r t  a c r o s s  t h e  d i e l e c t r i c  

boundary .  The plasma medium i s  d e s c r i b e d  by t h e  f l u i d  model w i t h  no  p a r t i c l e  

c o l l i s i o n  and w i t h  no  e x t e r n a l l y  a p p l i e d  m a g n e t i c  f i e l d .  If t h e  i n n e r  r a d i u s  

of t h e  d i e l e c t r i c  i s  "a" and i ts  o u t e r  r a d i u s  i s  "b", t h e n  t h e  g e n e r a l  f i e l d  

s o l u t i o n s  i n  t h e  r e g i o n s :  

where  0 i s  t h e  plasma f r e q u e n c y  of t h e  e l e c t r o n  
P 



i s  t h e  e l e c t r o n  t h e r m a l  v e l o c i t y .  US 
A f t e r  a p p l y i n g  t h e  boundary  c o n d i t i o n s ,  a g e n e r a l  d e t e r m i n a n t a l  e q u a t i o n  

i s  found  t o  be: 

- 2  L L  - iEK 
3$ f 2t .q -A)  

7TTTzqz 
A t  t h i s  moment w e  a r e  s t u d y i n g  t h e  p r o p a g a t i n g  c h a r a c t e r i s t i c s  of t h e  

symmetric mode (n=O) which  i s  $-independent.. As o n e  may o b s e r v e  from t h e  

d e t e r m i n a n t a l  e q u a t i o n ,  t w o  t y p e s  of wave w i l l  p r o p a g a t e  i n  t h e  g u i d e .  

A compute r  program w i l l  be w r i t t e n  i n  o r d e r  t o  c a l c u l a t e  t h e  p r o p a g a t i o n  

c o n s t a n t  (P) a t  v a r i o u s  o p e r a t i n g  f r e q u e n c i e s  (W)  . P r i m a r y  i n t e r e s t  w i l l  

,.,= Luc.vLL LLGYUb..rrJ of t h i s  E ~ P .  When t h e  above  i n f o r m a t i o n  i s  known, 

w e  w i l l  have  a c l e a r e r  p i c t u r e  of t h e  p r o p a g a t i n g  p r o p e r t i e s  of t h e  waveguide  

a n d ,  t h u s ,  of t h e  d e s i g n  p a r a m e t e r s  for e x p e r i m e n t a l  i n v e s t i g a t i o n .  

L.. CL.. - . .C -CC C---..,-.,.--, 
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6 .  A n i s o t r o p i c  Waveguides-  I .  Akkaya 

The c h a r a c t e r i s t i c  e q u a t i o n  of a c i r c u l a r  waveguide  f i l l e d  w i t h  c o l d  

plasma i n  a un i fo rm niagnet ic  f i e l d  which i s  p a r a l l e l  t o  t h e  g u i d e  a x i s  h a s  

been  s t u d i e d  i n  g r e a t  d e t a i l .  Numer ica l  c o m p u t a t i o n  for t h e  p r o p a g a t i o n  

c o n s t a n t s  h a s  been  per formed for v a r i o u s  v a l u e s  of t h e  p a r a m e t e r s  X ,  X ,  and 

R which a r e  r e l a t e d  t o  t h e  p l a sma- f r equency ,  t h e  g y r o f r e q u e n c y  and t h e  

r a d i u s  of t h e  g u i d e ,  r e s p e c t i v e l y .  I t  i s  found t h a t  i n  t h e  c a s e  of gyro -  

r e s o n a n c e  p r o p a g a t i o n  o c c u r s  a t  a r a d i u s  much l a r g e r  t h a n  t h a t  for non- 

r e s o n a n c e  c a s e s .  

Normal modes which  c a r r y  e i t h e r  a c t i v e  power or  r e a c t i v e  power for a 

warm plasma a r e  a l s o  c o n s i d e r e d .  I n  t h a t  c a s e  the c h a r a c t e r i s t i c  e q u a t i o n  

of t h e  g u i d e  becomes much more complex. Some s o l u t i o n s  a r e  o b t a i n e d  for 

v a r i o u s  v a l u e s  of X, Y, R and W where W i s  r e l a t e d  t o  t h e  t h e r m a l  v e l o c i t y .  

The e x p r e s s i o n  for t h e  impedance of a n  a n t e n n a  p l a c e d  i n s i d e  t h e  g u i d e  

i s  f o r m u l a t e d  f o r  b o t h  c o l d  and warm plasma mode l s .  For c o l d  plasma c a s e s  

some r e s u l t s  a r e  b e i n g  e v a l u a t e d .  

R e f r a c t i v e  i n d i c e s  of warm a n i s o t r o p i c  p l a smas  u s i n g  Boltzmann t h e o r y  

a r e  a l s o  i n v e s t i g a t e d .  An approx ima te  e x p r e s s i o n  for t h e  d i s p e r s i o n  r e l a t i o n  

i s  o b t a i n e d  f o r  t h e  c a s e  

for a r e g i o n  sf p r o p a g a t i o n  where  t h e  a n g l e  8 be tween t h e  p r o p a g a t i o n  vector 

and t h e  d c  m a g n e t i c  f i e l d  s a t i s f i e s  t h e  i n e q u a l i t y  

and a l s o  f o r  

e -- goo,  

w h e r e  n i s  t h e  r e f r a c t i v e  i n d e x .  I t  i s  found  t h a t  f o r  

0 6 5 O  

t h e  above  i n e q u a l i t y  for n c a n  be s a t i s f i e d  o n l y  i f  

and  i n  t h i s  c a s e  t h e  d i s p e r s i o n  r e l a t i o n  becomes i n d e p e n d e n t  of t h e  a n g l e  8 .  
The s n l u t i n n  nf t h e  d i s p e r s i o n  r e l a t i o n  shows t h a t  w i t h i n  t h a t  a n g u l a r  r e g i o n  
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0 
n can never be infinite. For 0 = 90 however, it is found that for values of 

0 

0 =  P O  H 
where P is an integer, in case collisions are neglected, n becomes infinite. 

7. Publications Under Grant N o .  N s G  395 During This Period 

1. 0. B. Kesler, Propagation of EM Waves in Linear, Passive, Generalized 11 
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Illinois, October 1965. 

Antenna Laboratory, Technical Report N o .  65-9, University of 

2 .  G. A. Deschamps, "Angular Dependence of the Refractive Index in the 
Ionosphere", Radio Science, Vol. 69D, N o .  3, March 1965, pp. 395-400. 

3. R. Mittra and G o  L. Duff, "A Systematic Study of the Radiation Patterns 
of a Dipole in a Magnetoplasma Based on a Classification of the Associated 
Dispersion Surfaces", Radio Science, Vol. 69D, N o .  5 ,  May 1965, pp. 681-692. 

4. G. L. Duff and R. Mittra, "Input Impedance of a Small Loop of Uniform 
Electric Current in an Anisotropic Cold Plasma", Electronics Letters, 
July 1965. 

I t  5. S .  W. Lee and Y. T. Lo, Radiation Resistance of an Elliptical Loop 
Antenna with Constant Current in Compressible Plasma", Electronics 
Letters, July, 1965. 

6. S.  W. Lee, C. Liang, and Y. T. Lo, "Inconsistancy of Boundary Conditions 
of Plasma Models in a Bounded Region", Electronics Letters, July 1965. 

7. S .  W. Lee, C. Liang, and Y. T. Lo, "Further Remarks on Boundary Conditions 
of Plasma Models in a Bounded Region", Electronics Letters, September 1965. 

8. S .  W. Lee, Y. T. Lo and R. Mittra, "Finite and Infinite Bifurcation Waveguide 
with Anisotropic Plasma Medium'', to appear in the Canadian Journal of Physics, 
December ,1965. 

9. S .  W. Lee and Y. T. Lo, "Radiation in an Anisotropic Moving Medium", to 
appear in Radio Science. 

8 .  Travel 

Mr. S.  W. Lee attended and presented a paper at the International Symposium 

of Antennas and Propagation, Washington, D. C., September 1965. 
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